electro-optic materials. In such materials, the nonlinear interaction between two optical fields produces a static or slowly varying electric field at the beat frequency, with an intensity determined by the instantaneous intensity of the optical fields. This phenomenon has been designated as the "inverse electro-optic eff'ect, " "optical rectification, " or, more generally, "difference frequency mixing" [1] . A number of picosecond time scale demonstrations of this effect have appeared in the literature [2] . More recently, the generation and detection of picosecond and subpicosecond FIR transients has taken a new direction, utilizing photoconductive media coupled to antenna structures [3] . In these experiments the FIR generation process has been explained as Hertzian radiation from time-varying electric currents.
Very recently, it has been shown experimentally that ultrashort pulses of FIR radiation can also be generated from ultrashort optical pulses incident on a semiconductor surface [4, 5] . This observation opens up new and exciting possibilities for terahertz spectroscopy and characterization of electronic properties of semiconductor surfaces. These studies have culminated in the observation of FIR transients as short as 120 fs [5] . The commonly accepted explanation for the eA'ect has remained in the domain of "current surges" occurring in the surface depletion field [4] . [6] .
In lowest order in the optical field F. and neglecting nonlocal effects, the FIR (static) polarization Po induced perpendicular to the surface may be written as
where g is the second-order nonlinear optical susceptibility [7] . Usually, the latter quantity is strictly equal to zero in systems with inversion symmetry, such as semiconductors with diamond structure. However, the surface depletion field F breaks this symmetry and makes g nonzero over the depletion width. For the simple two-band semiconductor model illustrated in Fig. 1 
which shows that the effect is entirely induced by the symmetry-breaking surface depletion field F. Equation (3) is our main result. It generalizes to arbitrary photon energies ro and nonzero dephasing rate y the results of Ref. [9] , where below band gap (nonresonant) excitation of an externally biased semiconductor has been considered. In this case, by using the permutation relations for nonlinear optical susceptibilities [7] , g (0;0, -ro, ro) may be directly related to g ( -ro;ro, o, o) describing quadratic electrorefraction, i.e. , the leading changes in refractive index due to a static electric field [9] . In the present case, the relationship between Eq. (3) and changes in optical properties due to a surface depletion field is more complicated. We note, however, that large effects have been observed using various kinds of modulation spectroscopy [10] Figure 3(a) shows the third-order nonlinear optical susceptibility gt~(0;0, -ro, ro) versus photon energy ro for a dephasing rate y=5 meV and (i) a surface depletion field (d=200 A, L =1800 A), (ii) an externally biased thin film or quantum well (d=L =200 and 1000 A), (iii) an externally biased bulk sample (d=L =~). In all cases g shows different behavior for excitation below and above the band gap Fg. For co&Fg, g drops rapidly, following a power-law behavior. This regime has been discussed previously and designated as virtual photoconductivity [9] .
For co & Eg, on the other hand, g follows more or less the linear absorption, as expected for real photoconductivity. We note, however, that our expression [Eq. (3)] for g also contains contributions due to the optically induced interband polarization and hence differs from any consideration based on population effects alone [4] . important on the picosecond and subpicosecond time scales. In any case, Fig. 3(a) is consistent with the experimental result that no detectable FIR radiation is obtained from ZnSe (Es=2.4 eV) and GaP (Eg =2.2 eV) samples when excited well below the band gap at co=2 ev [4] .
The optical-and electric-field dependences of the FIR radiation follow directly from Eqs. (I) and (3b) and are also consistent with experiments [4] . The induced FIR polarization scales linearly with optical intensity and surface depletion field F. It thus has a different sign in n type and p-type samples [4] . For very high optical intensities, we expect the optical intensity dependence of the induced FIR polarization to saturate to a sublinear behavior due to (i) saturation of interband transitions [9] and, more importantly,
(ii) screening of the low-frequency FIR response. Indeed, this saturation has been observed in recent ultrashort pulse experiments [5] . Figure 3(b) shows that for fixed io (ro =2 eV) and the above band-gap excitation g decreases with increasing dephasing rate y. This is again consistent with experiments in which a marked decrease of the FIR signal with increasing temperature has been found [4] . ( [4] .
We point out that our calculated absolute values of g (Fig. 2) 
